INTRODUCTION
============

Preeclampsia (PE) and other hypertensive disorders in pregnancy account for the highest portion of maternal mortality and perinatal morbidity in Brazil, as in most countries around the world. An appropriate prenatal follow-up of pregnant patients considered to be under risk for developing such a disorder is essential in the attempt to reduce mortality/morbidity rates. A satisfactory clinical prediction strategy could allow the early intervention or even therapies aimed at changing the natural course of PE^([@r01]-[@r03])^.

The causes for PE are not completely understood, however, accumulated evidences indicate the placenta as the site of origin of the disease. Most recent physiopathological theories indicate that an inflammatory reaction associated with a placental oxidative stress takes systemic proportions, generating endothelial dysfunction in the maternal body. Such an event would be considered the key-point for the development of all clinical manifestations and complications from PE^([@r03]-[@r05])^.

By means of biophysical and biochemical methods it is possible to detect the endothelial injury before it generates noticeable symptoms^([@r06],[@r07])^. As it has already been clinically demonstrated that such an event can be diagnosed before the clinical criteria for the diagnosis of PE are met, tests evaluating the endothelial function could be utilized as PE predictors^([@r08])^.

Contrary to poor placental perfusion, that is the most striking event in the physiopathology of early PE (clinical manifestations before 34 weeks of gestation) as compared with late PE (manifestations after 34 weeks), endothelial dysfunction is present in both PE forms^([@r06]-[@r08])^. Thus, the evaluation of the endothelium function would be clinically interesting to predict any form of PE.

Considering the above, the present study was aimed at evaluating the accuracy in the prediction of both early and late PE by means of flow-mediated dilation of the brachial artery (FMD).

MATERIALS AND METHODS
=====================

Patients
--------

The present study was duly approved by the Committee for Ethics in Research of Hospital das Clínicas - Universidade Federal de Minas Gerais (HC-UFMG). A total of 91 patients were recruited at the high-risk prenatal service of HC-UFMG for this longitudinal study. The selected patients were duly informed on the study and signed a term of free and informed consent. The demographic characteristics of the studied patients are shown on [Table 1](#t01){ref-type="table"}, divided into three study groups created according to the pregnancy outcome (development of early PE; development of late PE; normotensive).

###### 

Maternal characteristics and results from flow mediated dilation of the brachial artery in the three studied groups.

  Variable                                    Early preclampsia (*n* = 8)   Late preclampsia (*n* = 11)   Normotensive patients (*n* = 72)   *p*-value                                     
  ------------------------------------------- ----------------------------- ----------------------------- ---------------------------------- --------------------------------------------- ------------------------------------------
  Maternal age (mean ± SD)                    31.88 ± 5.64                  29.36 ± 3.0                   29.18 ± 6.24                       0.344[\*](#tfn01t01){ref-type="table-fn"}     
  Pre-pregnancy weight (median ± II)          66.00 ± 38.00                 59.50 ± 22.00                 62.5 ± 20.5                        0.433[†](#tfn02t01){ref-type="table-fn"}      
  Parity (median ± II)                        2.00 ± 2.25                   2.40 ± 3.67                   2.50 ± 3.55                        0.250[†](#tfn02t01){ref-type="table-fn"}      
  Gestational age at delivery (median ± II)   32.86 ± 2.00                  36.50 ±2.00                   39.00 ± 1.00                       0.001[†](#tfn02t01){ref-type="table-fn"}      
  Fetal weight (median ± II)                  2075.00 ± 450.00              2750.00 ± 273.00              3100.00 ± 288.00                   \< 0.001[†](#tfn02t01){ref-type="table-fn"}   
  BMI (median ± II)                           24.92 ± 7.90                  22.50 ± 7.76                  23.10 ± 8.10                       0.408[†](#tfn02t01){ref-type="table-fn"}      
  Etnicity (*n* (%))                                                                                                                                                                       
                                              White                         5 (62.5)                      3 (27.0)                           25 (35.0)                                      
                                              Brown                         2 (25.0)                      3 (27.0)                           29 (40.0)                                     0.313[‡](#tfn03t01){ref-type="table-fn"}
                                              Black                         1 (12.5)                      5 (46.0)                           18 (25.0)                                      

SD, standard deviation; II, interquartile interval; BMI, body mass index.

Anova test;

Kruskal-Wallis test;

Pearson\'s chi square exact test.

All the selected patients presented with at least one of the following risk factors for development of PE, according to the study developed by Duckitt et al.^([@r09])^: chronic arterial hypertension (23; 25.5%); pre-gestational diabetes mellitus (according to criteria defined by the American Diabetes Association in 2011^([@r10])^) (16; 17.5%); personal history of PE in previous gestation (21; 23.0%); family history (mother or sister) of PE (16; 17.5%); high body mass index (defined as \> 35 kg/m^2^) (15; 16.5%).

Patients presenting with chronic arterial hypertension were those who had been diagnosed as hypertensive before gestation; those presenting with arterial pressure levels \> 140 × 90 mmHg before the 20th week of gestation; those who remained hypertensive for at least 12 weeks after delivery. The diagnosis of PE was made according to the criteria defined by the National High Blood Pressure Education Program Working Group on High Blood Pressure in Pregnancy, 2000^([@r11])^. According to such a classification, PE is defined as the increase in arterial pressure levels after 20 weeks of gestation (pressure level ≥ 140 × 90 mmHg in two measurements with an interval of 6 hours), followed by the presence of proteinuria (1+ or more in the measurement of proteinuria with test strips or 24 hour proteinuria \> 0.3 g/24 hours). The superposition of PE in patients presenting with chronic hypertension was considered, according to the bulletin of the American Congress of Obstetricians and Gynecologists^([@r12])^ modified at the authors\' service, as one of the following facts was present: 1) severe arterial pressure increase (higher than 160 × 110 mmHg); 2) massive proteinuria (more than 2.0 g/24 hours); 3) significant increase in arterial pressure levels after a period of good control; 4) serum creatinine levels reaching values above 1.2 mg/dl.

After regular prenatal visits between the 24^+0^ and 27^+6^ weeks of gestation, the patients were invited to participate in the present study. After their consent, the patients were submitted to the FMD exam. All examinations were performed by a single professional from HC-UFMG, trained and certified in ultrasonography.

Flow-mediated dilation of the brachial artery
---------------------------------------------

Flow-mediated dilation of the brachial artery was performed with a Sonoace 8800 (Medison) ultrasonography apparatus with color Doppler and 4-8 MHz linear probe. Previously to the scan, the patients were placed at rest, in dorsal decubitus, for 15 minutes. The measurement of arterial pressure was performed in all patients and the brachial artery was medially identified in the antecubital fossa of the dominant upper limb. An image of the vessel was obtained at approximately 5 cm from the elbow, with a longitudinal section (mode B) during the moment of minimum distension of the vessel, corresponding to the cardiac diastole, with the image being obtained by retrieval by means of the cine loop of the equipment. The image was frozen for obtaining the average of three measurements of the vessel caliber (D1). After this first measurement, the cuff of the sphygmomanometer, distally placed (on the forearm) at the site of measurement of the brachial artery, was inflated for 5 minutes up to a pressure above 250 mmHg, and then it was slowly deflated. The average of three new measurements of the vessel caliber was obtained with the same technique previously described, after one minute from the cuff deflation (D2). The FMD value was obtained by means of the following formula:

FMD (%) = \[(D2 - D1)/D1\] × 100

where: D1 = basal diameter; D2 = post-occlusion diameter.

Based on data from a study developed at HC-UFMG^([@r08])^, a cut-off value of 6.5% was utilized for the FMD results, with any results below such value being considered as altered.

Statistical analysis
--------------------

The normality of continuous data was verified by means of the Shapiro-Wilk test. The Student\'s t test was utilized for comparison of variables with normal distribution among patient groups who developed PE and the group that did not develop PE. The Pearson\'s chi-square test was utilized for comparison of categorical variables, and the Mann-Whitney T test was utilized for comparison of continuous variables without normal distribution. Statistical significance was defined as *p* \< 0.05. The analyses were performed with the aid of the software SPSS^®^19 (SPSS Inc.; Chicago: USA). For determining a cut-off value for FMD, a value defined in a study developed in the authors\' institution was utilized, with a population considered as being at high-risk for developing PE.

RESULTS
=======

From the total of 91 patients initially recruited, 19 developed PE (eight cases of early PE and 11 cases of late PE). The other 72 patients remained normotensive up to the seventh puerperal day. A statistically significant difference was observed (*p* \< 0.001) in the comparison of the median FMD values between the studied groups. Patients who developed either early or late PE (4.00 ± 6.00 and 3.00 ± 3.00, respectively) presented lower values than those in the group of patients who remained normotensive throughout gestation (9.00 ± 5.00). By utilizing a cut-off point of 6.5%^([@r08])^, the sensitivity of FMD for the prediction of early PE was 75.0%, with specificity of 73.3%, positive predictive value (PPV) of 32.4%, and negative predictive value (NPV) of 91.9%. For the prediction of late PE, sensitivity was 83.3%, specificity value was 73.2%, PPV was 34.4% and NPV was 96.2%. For prediction of all associated forms of PE, sensitivity was 84.2%, specificity was 73.6%, PPV was 45.7% and NPV was 94.6%. The predictive characteristics of FMD are shown on [Table 2](#t02){ref-type="table"}.

###### 

Characteristics of flow-mediated dilation of the brachial artery (cut-off point = 6.5%) for the prediction of the late and early of preeclampsia.

                               Sensitivity   Specificity   PPV     NPV
  ---------------------------- ------------- ------------- ------- -------
  Early preclampsia            75.0%         73.3%         32.4%   91.9%
  Late preclampsia             83.3%         73.2%         34.4%   96.2%
  Preclampsia (late + early)   84.2%         73.6%         45.7%   94.6%

PPV, positive predictive value; NPV, negative predictive value.

DISCUSSION
==========

The identification of pregnant patients at increased risk for PE may determine a more specialized and thorough prenatal follow-up, allowing earlier interventions as necessary, thus preventing and even changing the natural course of PE, and improving maternal and perinatal outcomes related to the condition^([@r13],[@r14])^.

The results demonstrate that altered FMD values precede the typical increase in pressure observed in PE, in any of its clinical presentations. Such a fact not only strengthens the possibility of utilizing FMD as a clinical tool for predicting PE, but also contributes for a better understanding of the disease physiopathology. FMD evaluates the integrity of the endothelium as a paracrine structure responsible for the control of the vascular tone. Decreased FMD values in patients who subsequently develop PE demonstrate a compromising of the endothelial function between the 24^th^ and 28th gestational weeks, much before the clinical diagnosis of the syndrome.

Endothelial injury as a physiopathological event of PE has already been demonstrated both in the late and early forms of the disease^([@r15])^, by biochemical and biophysical methods, particularly FMD. Such a phenomenon precedes the clinical manifestations of the disease, so it is natural to consider the utilization of FMD as a method for predicting the onset of the disease. Savvidou et al. have demonstrated that patients with subsequent development of PE or restricted intrauterine growth presented with decreased FMD values when compared with patients who presented favorable gestational development^([@r16])^. In 2003, Takase et al., applying FMD in a group of pregnant women at the end of the second gestational trimester, found sensitivity values close to 90%; however, those authors did not differentiate between the two clinical presentations of PE (late and early)^([@r17])^. Other studies have demonstrated that the FMD values are significantly reduced at the end of the second trimester in pregnant women who later develop either late or early PE^([@r18],[@r19])^. The association of FMD with Doppler flowmetry of uterine arteries also presented good results in the prediction of PE^([@r20])^.

The present study results demonstrate that the application of FMD in pregnant women considered to be at risk for developing PE is effective in the purpose of identifying those patients with some degree of endothelial involvement and, subsequently, developed the early or late presentations of the disease. Similarly to FMD, Doppler flowmetry of uterine arteries evaluates the placentation process, a phenomenon that is compromised in the physiopathological course of PE. However, failure in the trophoblastic invasion is remarkable only in the early presentation of PE, and consequently, Doppler flowmetry of uterine arteries is an interesting method just for the prediction of the disease before the 34th week, which corresponds to a percentage that varies between 10% and 15% of the total cases of PE^([@r01],[@r02],[@r13])^.

Only patients with risk factors for development of PE were included in the present study. Considering that such patients are those that benefit most from a differentiated follow-up, PE prediction tests should be primarily applied for such patients. However, a subgroup of the recruited patients presented comorbidities known to be connected with endothelial injury, independently from the development of PE. Such a fact may explain the reason why, in all patient groups, the FMD values are lower than those reported in other studies in the literature, which utilized the same described technique.

The identification of patients with endothelial dysfunction could allow for the selection of a group of pregnant women that can benefit from the introduction of therapies that protect or recover the injured endothelium with the purpose of preventing, mitigating or even delay the physiopathological process of PE.

CONCLUSION
==========

FMD, as applied at the end of the second gestational trimester, demonstrated to be an appropriate tool for the prediction of pre-eclampsia, identifying with good accuracy those patients that subsequently developed PE in any of its clinical presentations.
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